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英文简称 英文全称 中文全称 
ANS 8-Anilino-1-naphthalenesulfonic acid 8-苯胺-1-萘磺酸 
AC L-Ascorbic acid 抗坏血酸 
CNSL cashaw nut shell liquid 腰果壳油 
DMSO dimethyl sulfoxide 二甲基亚砜 
DPPH· 1,1-Diphenyl-2-picrylhydrazyl radical 1,1-二苯代苦味肼基 
EC50 50% effective concentration 半数有效浓度 
FC folin-ciocalteu 福林酚 
GC-MS gas chromatography-mass spectrometer 气相色谱-质谱联用仪 
HPLC high performance liquid chromatography 高效液相色谱 
ITC isothermal titration calorimetry 等温微量量热法 









MOE molecular operating environment 分子操作环境 
MS mass spectrometry 质谱 
MW molecular weight 分子量 





























大约两个 cardol 或者一个 cardanol 分子可进入一个酪氨酸酶分子的活性中心，
其中 cardol 作用力较强。 


























Cashew nut shell liquid (CNSL) is an abundant natural resource, which is 
extracted from cashew nut shell. It has been widely used in traditional chemical 
polymer materials. In this research, the inhibitory mechanism, antioxidant activity 
and antibacterial activity of the main components of CNSL on mushroom tyrosinase 
were studied in order to promote their application in medicine and agriculture. 
The extraction technology of CNSL was optimized, and its related properties 
were analyzed. Two kinds of major phenolic compounds (cardol and cardanol) were 
isolated from CNSL by high performance liquid chromatography (HPLC), while 
identificating their purity to ensure the reliability. We studied the mushroom 
tyrosinase monophenolase and diphenolase enzyme inhibition of cardol and cardanol. 
We found that cardol/cardanol could not affect the abilities of mushroom tyrosinase 
monophenolase, but the enzyme tyrosinase diphenolase effectively. 
We studied the inhibitory mechnism of cardol/cardanol and mushroom tyrosinase, 
by kinetic analysis, the intrinsic/ANS-binding fluoresecence-quenching, isothermal 
trace calorimetry (ITC) and copper ion interactions experiments. The results showed 
that the enzyme has conformational changes, and cardol/cardanol interacted with the 
amino acid residues of the tyrosinase active site not the copper ions. Two cardol or 
one cardanol might enter to one tyrosinase, and interacted, that cardol had stronger 
interaction than cardanol. We found that the scavenging types of L-Ascorbic acid and 
cardol/cardanol are different in DPPH free radical scavenging experiment. 
Cardol/cardanol binded reversibly and tended to balance slowly. We further used 
Fusarium oxysporum, Colletotrichum camelliae, Fusarium moniliforme and 
Colletotrichum acutatum as the test to study antibacterial activities using the growth 
rate experiments. The results showed the inhibitory effects of cardol and cardanol 
were significant, and about ten times of CNSL. 
Collectively, we found CNSL and its components had remarkable inhibition on 
mushroom tyrosinase diphenolase and antibacterial effects. We should make more 
studies on their development and utilization values. 


























































图 I 腰果及腰果壳油 












精制工艺，主要通过将 5 ℃/min 升温加热至 80 ℃转化交替为 5 ℃/min 加热至
110 ℃以及 1 ℃/min 缓慢至 165 ℃，扩大反应规模到 800 g，最后精制质量收































[2, 14, 15]。通过液质联用分离纯化腰果壳油，得到 cardol/cardanol 系列物，应用核
磁共振、质谱等手段进行分析鉴定[16, 17]。目前已经分析鉴定得到的物质包括：
cardol triene、cardol diene、cardanol triene、cardanol diene、cardanol monoene 等
几种含有不同位置烯烃碳链的 cardol/cardanol 系列物，结构如图 II 所示。早期
气质谱联用主要应用于医药领域，用于开发生物代谢产物、分析天然产物化学
成分等方面。气质联用要求样品需要具备足够的蒸汽压，天然腰果壳油组分腰
果酸在 GC-MS 中会自动脱羧，其分子离子峰极弱，若用 GC-MS 难以检测，刘


















图 II 腰果壳油组分结构 
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